The incidence of temperate bacteriophage in a wide range of ruminal bacteria was investigated by means of induction with mitomycin C. Supernatant liquid from treated cultures was examined for phagelike particles by using transmission electron microscopy. Of 38 ruminal bacteria studied, nine organisms (23.7%) representing five genera (Eubacteria, Bacteroides, Butyrivibrio, Ruminococcus, and Streptococcus) produced phagelike particles. Filamentous particles from Butyrivibriofibrisolvens are the first of this morphological type reported from ruminal bacteria. All of the other particles obtained possessed polyhedral heads and long, noncontractile tails (group B-type phage). The limited range of morphological types produced by mitomycin C induction cannot yet account for the much wider range of types found in ruminal contents by direct examination. The presence of viral genetic material in a significant percentage of the bacteria tested, as well as in a range of different genera, indicates that viral genetic material may be a normal constituent of the genome of appreciable numbers of ruminal bacteria.
The incidence of temperate bacteriophage in a wide range of ruminal bacteria was investigated by means of induction with mitomycin C. Supernatant liquid from treated cultures was examined for phagelike particles by using transmission electron microscopy. Of 38 ruminal bacteria studied, nine organisms (23.7%) representing five genera (Eubacteria, Bacteroides, Butyrivibrio, Ruminococcus, and Streptococcus) produced phagelike particles. Filamentous particles from Butyrivibriofibrisolvens are the first of this morphological type reported from ruminal bacteria. All of the other particles obtained possessed polyhedral heads and long, noncontractile tails (group B-type phage). The limited range of morphological types produced by mitomycin C induction cannot yet account for the much wider range of types found in ruminal contents by direct examination. The presence of viral genetic material in a significant percentage of the bacteria tested, as well as in a range of different genera, indicates that viral genetic material may be a normal constituent of the genome of appreciable numbers of ruminal bacteria.
Large numbers of bacteriophage and phagelike particles (PLPs) are present in the rumens of sheep and cattle (19, 25, 27) , but the origin of most of these particles is unknown. Ruminal contents have been a source of bacteriophages that infect Seirratiti spp. (1), Sti-eptoCoCCUNs boVi (1. 17. 18. 29) . StreptoCoCCs duN( r1uuMIN (5), Bificloba telioun E rluinile (22 Microbiol. 1983) . Thus, at present the range of bacteriophages isolated from the rumen is limited and appears unrepresentative, with many of the above hosts not classed with the predominant ruminal bacteria. Phages have not been isolated from any of the major fibrolytic bacteria present in the rumen.
In studies in which the frequency of isolation of phages from ruminal fluid samples was recorded (17, 28 
MATERIALS AND METHODS
Bacteria. Ruminal samples were obtained from sheep fed once daily with oaten chaff. Bacteria were isolated by using the anaerobic techniques of Hungate (15, 16) with serial dilution of strained ruminal contents in media contained in anaerobic roll tubes. Bacteria were picked only from highdilution tubes. Both RF and M10 media were used for primary isolations, and picked colonies were transferred through further dilution series of anaerobic medium in the usual manner until axenic cultures were obtained. Bacteria were identified on the basis of cellular morphology, Gram stain, substrates utilized. fermentation products, and culture characteristics (6, 13, 15, 23) . A list of these bacteria is presented in Table 1 fluid, 17 ml; glucose, 0.2 g; cellobiose, 0.2 g; distilled water, 50 ml; NaHCO3, 0.5 g; cysteine hydrochloride. 0.02 g; and resazurin. 0.0001 g. Mineral solutions A and B and methods of broth medium preparation in roll tubes were as described by Hungate (16) . Solid media were prepared by the addition of 2% (wt/vol) agar (Difco Laboratories) to liquid media. Agar plates were prepared by dispensing 15 ml of molten agar medium into 90-mm (diameter) petri dishes. Soft-agar medium for overlays was prepared by adding 0.8% (wt/vol) agar to broth.
Anaerobic manipulations of bacteria were based on those described by Hungate (16) , except that the gas phase was CO./H, 95:5. Agar culture plates for anaerobic use were prepared and stored in an anaerobic cabinet (model SJ-3. Kaltec Pty. Ltd., Edwardstown, South Australia). After inoculation of anaerobic plates, they were placed in stainless-steel anaerobic containers which were sealed. The containers were then transferred from the anaerobic cabinet and incubated in a standard incubator at 39°C.
Isolation of PLPs. Initially, each of 32 bacterial isolates was inoculated into two culture tubes containing 5 ml of broth and incubated overnight at 39°C. Isolates AR2, AR3, AR20, AR21, AR22, AR35, AR36, AR37, AR38, and AR40 were grown on M10 medium. The other isolates (AR4, AR9, ARIO, AR11, AR12, AR13, AR14, AR23, AR24, AR25, AR27, AR29, AR30, AR32, AR34, AR39, AR41, AR42, AR43, and AR65) were grown on RF medium.
One 5-ml culture of each bacterium was inoculated with mitomycin C to give a final concentration of 2 pLg/ml. The second culture was retained for comparison. All cultures were incubated for 24 h at 39°C and then stored at 4°C prior to isolation of induction products. The period of storage did not exceed 48 h. Induction products were concentrated by differential centrifugation (2, 21) . Lysates were centrifuged at 12,000 x g for 15 min at 4°C to remove bacteria. Phage particles in the supernatant were pelleted by centrifugation at 32,000 x g for 2 h at 4°C. The supernatant fluid was discarded, and the pellet was suspended in 100 Il of Hungate salt solution (8) for examination by electron microscopy. Formvar-and carbon-coated electron microscope grids were wetted with 5
[l of the phage suspension by using the drop technique (14) . The samples were negatively stained with 1% (wt/vol) potassium phosphotungstic acid (pH 6.5), and grids were examined for phage particles by using a Philips 300 transmission electron microscope at a magnification of x35,000. The phages were classified on the basis of gross morphology by the scheme of Bradley (4) .
Host sensitivity to induced PLPs. Stocks of PLPs were prepared by inducing early-log-phase cultures to lyse with mitomycin C. Lysates were filtered through 0.45-p.m-poresize Millipore filters, and the filtrate was combined with an equal volume of 50% (wt/vol) glycerol solution and stored at -20°C. Samples of PLPs were thawed and assayed against possible hosts by using the soft-agar overlay technique of Gratia (11) as described by Adams (2) . Manipulations for the soft-agar overlay technique were done in an anaerobic cabinet. Butvrivibrio fibrisolt'ens AR14 yielded a second type of particle, a long filamentous particle 310 nm in length and 10 nm wide (Fig. 1c) . These particles resemble both the filamentous group F phages of Eschlrichia coli (4) and pyocin 28 of Pseudomonas (ieruigiliosai (4) . The Table 2 .
RESULTS
Although intact particles were not produced by induction from E. ruminiantiiitnl AR2 and AR35 and S. initer-iiieCiniis AR36 large numbers of phage ghosts and empty heads were present (Fig. 2a) Fig.   2b .
In Fig. 2c, As an alternative means of obtaining a sensitive host, methods of curing bacteria of their prophage were then investigated. In our ongoing investigation of the genetic manipulation of ruminal bacteria, we were particularly interested in B. mmmninicola as a potential recipient for foreign genetic material, and B. riumninicola AR29 was thus selected for more extensive study. Since treatment with mitomycin C did not lyse all cells in treated cultures, it seemed possible that some of the surviving cells might be cured. Inocula (5 [LI) from mitomycin C-treated cultures were plated on RF agar and incubated overnight. Colonies were picked and, in turn, grown overnight in RF broth. Cultures were treated with mitomycin C as described previously, and the preparations were examined for phage by transmission electron microscopy. However, results were negative; bacteria from each of the picked colonies still produced phage when challenged with mitomycin C. Additional methods of curing cultures, including treatment with acridine orange (9. 10) and exposure to UV illumination (3), were investigated, but none of these treatments were successful in removing the prophage from B. rumlinicola AR29.
DISCUSSION
The present work has considerably extended the range of ruminal bacteria shown to have associated temperate bacteriophages. Bacteriophages and related particles have not previously been shown to be associated with ruminal isolates of Eubacteriumn, Bacteroides, Bltvrivibrio, or Rutninococ-(11S species or members of the genus Streptococcius other than S. bov'is and S. diur-anis. Previously, temperate bacteriophages had been reported in only a few cases of ruminal bacteria and, apart from S. boi'is and Selenomonoas rumninaltilon, little detail was provided (18, 20) .
In the present study, out of the 38 isolates examined. 9 (18, 29) and Selenotnomoas riininiantiiin (20) VOL. 55, 1989 different particles in RF and M10 media. In M10 medium, many particles resembled phage tails, whereas in RF medium, virtually all of the particles resembled empty phage heads. We have been unable to find any other report of such a phenomenon.
The inducible particles reported in this work cannot definitely be classified as functional temperate phages until sensitive hosts are obtained, and this has not yet been achieved. However, the particles obtained were generally intact and the proportions of their components appeared to be within the normal range for functional phages. The absence of hosts sensitive to the PLPs produced by induction could indicate that host specificity is high, a property which is also indicated by the low rate of isolation of lytic phages from ruminal fluid (17, 28 ; Baresi and Bertani, Abstr. Annu. Meet. Am. Soc. Microbiol. 1984; Klieve, unpublished data). The difficulty of curing B. rinminicola AR29 of its prophage may indicate stable incorporation of the prophage into the bacterial genome. If this is true, the phage integration sites which insert the prophage into the bacterial genome could be of future value for the stable incorporation of foreign DNA into the bacterial chromosome.
In the present study, the detected numbers of ruminal bacteria harboring prophage should be regarded as a minimum, as it is well known that not all lysogens are inducible. In addition, of the inducible bacteria present, some may not be induced by a specific induction procedure. Hence, it appears likely that the proportion of bacterial isolates from the rumen that harbor temperature phages could be higher than the value of 23.7% found here.
In the ruminal ecosystem, the presence of prophages may confer a competitive advantage to the bacteria, outweighing the added burden of the additional DNA. Possible advantages could be protection against superinfection by the same phage or protection from infection by related phages. Furthermore, possession of prophages may enhance the genetic potential of the host and, hence, improve the adaptability of the ruminal bacteria to changes in their environment. The results presented here have demonstrated that bacteriophages occur in a considerable proportion of ruminal bacteria from a range of different genera. This indicates that viral genetic material is a normal constituent of the bacterial genome in a significant percentage of bacterial species from the normal ruminal population.
